Lactic acid bacteria (LAB) comprise the major component of the spoilage flora, which develops on vacuum-packaged, lightly preserved fish products after a few weeks' storage at chilled temperatures. Magnússon and Traustadóttir (1982) found LAB dominating in vacuum-packaged, cold-smoked herring, Shimasaki et al. (1994) , Civera et al. (1995 ), Truelstrup Hansen (1995 , Leroi et al. (1998) Lyhs et al. (1998) and Paludan-Müller et al. (1998) in vacuum-packaged, cold-smoked salmon and rainbow trout, as well as Jeppesen and Huss (1993) and Leisner et al. (1994) in sugar-salted ('gravad') fish. In contrast to the spoilage role of these bacteria, the existence of LAB in a product is sometimes beneficial.
Production of natural antagonistic substances by LAB may prolong the shelf life and inhibit the growth of pathogens contaminating the product (Bacus and Brown, 1981; Lindgren and Dobrogosz, 1990) . This concept is known as biopreservation and recently there has been a great deal of interest in its practical application.
The use of biopreservation and other techniques increasing shelf-life of fish products demand a better understanding of the factors associated with spoilage. A primary area requiring further investigation is the variety of different spoilage LAB in fish products.
The identification of LAB has mainly been based on traditional biochemical and physiological tests, which are not only time-consuming, but also often produce very controversial results. Moreover, there are certain species that cannot readily be distinguished by phenotypic characters (Schleifer et al., 1995) . When fish products have been studied, phenotyping of LAB has resulted in unreliable species identification. LAB originating from vacuum-packaged, salted, smoked herring gave atypical profiles (Gancel et al., 1997) , and in a study of the spoilage flora of vacuum-packaged, salted, cold-smoked rainbow trout fillets (Lyhs et al., 1998) , we also concluded that phenotyping is not always reliable for Several molecular methods have been used for strain typing or characterisation of LAB (Hill and Hill, 1986; Tannock et al., 1990; Welsh and McClelland, 1990; Williams et al., 1990; Duffner et al., 1993; Dykes et al., 1993; Jaho et al., 1993; Roussel et al., 1993; Björkroth et al., 1996a Björkroth et al., , 1996b , but only some of these applications have been used for establishing species identification libraries. Paludan-Müller et al. (1998) , studying the role of Carnobacterium species in the spoilage of vacuum-packaged, cold-smoked salmon, used whole-cell-protein patterns for identification of the carnobacteria. Simple restriction of DNA (Manchini and Parini, 1983; Ståhl et al., 1990) has been used as a tool for separating different species of lactobacilli, and ribotyping (Grimont and Grimont, 1986) , which is based on patterns generated from the ribosomal RNA genes only, has also been applied with success for LAB (Rodtong and Tannock, 1993; Korkeala, 1996a, 1996b; .
The aim of this study was to characterise and identify the main spoilage LAB of vacuum-packaged, salted, sodium nitrite-or potassium nitrate-treated, cold-smoked rainbow trout stored at 4ºC or 8ºC. The isolates were initially classified according to their restriction endonuclease (REA) profiles and further identified to species level using a rRNA gene restriction pattern (ribotypes) identification database.
Material and methods

Bacterial strains
A total of 405 previously phenotyped LAB (Lyhs et al., 1998) were included in this study. The isolates originated from spoiled vacuum-packaged, salted, sodium nitrite-or potassium nitrate-treated, cold-smoked rainbow trout, stored at 4ºC or 8ºC. All strains were stored at -70ºC in MRS broth (Difco, Detroit, Michigan, USA). Before use, they were subcultured overnight in 10ml MRS broth at 30 o C, plated on MRS agar (Oxoid, Basingstoke, UK) and incubated anaerobically at 25 o C for 5 days using a model BR 38 gas-generating kit (Oxoid) in an anaerobic jar. Table 1 shows the reference strains ribotyped for the identification database with EcoRI and HindIII. These strains were selected to cover the range of phenotypic groups obtained in the previous study (Lyhs et al., 1998) hybridisation and the cDNA probe for rRNA gene restriction patterns (ribotypes) were prepared as described by Björkroth and Korkeala (1996) . The similarity between all isolates was initially checked using EcoRI and HindIII REA. One strain from each different pattern group was further ribotyped.
Ribotyping data management
The membranes were scanned with a Hewlett-Packard ScanJet 4c/T tabletop scanner (Boise, Idaho, USA). Numerical analysis of the ribopatterns was performed with a GelCompar system (version 4.0; Applied Maths, Kortijk, Belgium), as recommended by the manufacturer. The similarity between all pairs was expressed by Dice coefficient correlation, 
Results
REA of the 405 LAB isolates resulted in formation of 25 groups. When one isolate from each group was further ribotyped, 15 and 16 patterns were obtained with HindIII and EcoRI, respectively ( Table 2 ).
The similarity between the isolates clusters and with some of the reference strains used is shown in Fig. 1 (Table 3 ). The relative proportion of Leuconostoc mesenteroides subsp. mesenteroides was higher in all kind of samples stored at 4ºC than in samples stored at 8ºC. Most of the Leuconostoc citreum were found in the samples stored at 8ºC, and especially in the nitritetreated samples. 
Discussion
Ribotyping allowed the differentiation of two clusters of leuconostocs; one containing the Leuc. mesenteroides subsp. mesenteroides (cluster X for HindIII and IX for EcoRI), and the other the Leuc. citreum (cluster VI for HindIII and VII for EcoRI) type strain.
In the present study, the largest LAB group, 57% of all isolates, was considered as leuconostocs; 33% as Leuc. mesenteroides and 23% as Leuc. citreum. Jeppesen and Huss (1993) identified all LAB from vacuum-packaged, minced herring as Leuconostoc spp.
However, Mauguin and Novel (1994) found that only eight of 86 LAB isolated from various samples of seafood belonged to the genus Leuconostoc. Moreover, Truelstrup Hansen (1995), in characterising 168 LAB from spoiled, cold-smoked, vacuum-packaged salmon, identified only 4.5% as Leuc. mesenteroides. In our study, the majority of Leuc. mesenteroides subsp.
mesenteroides were found in the samples stored at 4ºC (Table 3) . Leuc. citreum (amelibiosum) has been isolated from various meat products (Mäkelä et al., 1992) and from raw, minced, freshwater fish, used for the production of a Thai low-salt, fermented fish product called som-fak (Paludan-Müller et al., 1999) . However, to the author's knowledge, it has not previously been reported to be associated with vacuum-packaged, cold-smoked fish products. High numbers of Leuc. citreum occurred in the nitrite-treated samples stored at 8 o C.
One reason for the low numbers of leuconostocs detected with phenotypical patterns during the first study (Lyhs et al., 1998) Leroi et al. (1998) , phenotyping LAB isolated from the same type of fish product, assigned 10 of the 155 isolates as Lb. sakei. However, there has also been a report of a seafood study (Mauguin and Novel, 1994) where no Lb. sakei was detected. In the present study, high numbers of Lactobacillus sakei subspp. sakei/carnosum occurred in the nitrate-treated samples stored at both storage temperatures.
Current taxonomy of Lb. sakei and Lb. curvatus divides these two species into 4 subspecies Torriani et al., 1996) . The Lb. curvatus subsp. curvatus cluster is clearly distinguished (Figs. 1 and 2 ) by both enzymes from the clusters IIIa, VIIIa and VIIIb, containing the type strains of the three other subspecies. When meat-associated Lb.
sakei strains were characterised by EcoRI and HindIII ribotyping (Björkroth and Korkeala, 1996) , strain A210, possessing 84% homology in DNA-DNA reassociation with Lb. sakei subsp. sakei type strain (Mäkelä et al. 1992) , gave exactly the same EcoRI and HindIII ribotypes as the "new" Lb. curvatus subsp. melibiosus type strain. In our study, as well, the Lb. curvatus subsp. melibiosus type strain clusters together with the two Lb. sakei subspecies.
On the basis of our reassociation data together with these RFLP clusters, it is debatable whether Lb. curvatus subsp. melibiosus type strain is really a Lb. curvatus species. However, the studies performed by Klein et al. (1996) and Torriani et al. (1996) showed different reassociation values and warrant this. More studies must be performed by means of DNA-DNA reassociation with a larger number of strains from this cluster in order to clarify the status of our strains.
Only one isolate could be identified as Lb. plantarum, which is often found in seafood in small amounts. Isolating LAB from different vacuum-packaged, lightly preserved, chilled fish products, Jeppesen and Huss (1993) , Mauguin and Novel (1994) and Truelstrup
Hansen (1995) identified 3, 4 and 14 strains as Lb. plantarum from a total of 7, 77 and 168 LAB isolates, respectively. Gancel et al. (1997) found 11 of the 78 lactic acid bacteria from vacuum-packaged, smoked and salted herring to belong to the Lb. plantarum -pentosusgroup.
No Carnobacterium strains were detected in this study. Carnobacteria have previously been found in vacuum-packaged 'gravad' fish (Leisner et al., 1994) . Gancel et al. (1997) did not find any carnobacteria in fillets of vacuum-packaged, smoked and salted herring and proposed that this may be due to the fish having been smoked, a hypothesis might also apply to our fish product.
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